Purpose: Characterize the intra-fraction motion management (IFMM) system found on the Gamma Knife Icon (GKI), including spatial accuracy, latency, temporal performance, and overall effect on delivered dose. Results: The spatial accuracy of the IFMM was found to be <0.1 mm. The measured latency was <200 ms. The dose difference with five interruptions was <0.5%.
present with the aim to check the IFMM system's quantitative output." Previous work has described commissioning a GKI system, 2 the quality assurance, stability, and performance of the image guidance system, [3] [4] [5] and described comparisons of the CBCT to IFMM; 6, 7 however, the full quantitative characterization of the IFMM system is absent from all of these works. We are currently unaware of any commercial systems or published literature that allow the user to quantitatively test the temporal latency along with the spatial accuracy of the IFMM system as required by the NRC and as is recommended in current published radiation oncology quality assurance guidelines. 8 The goal of this work was to quantitatively test and characterize the IFMM system. This includes the spatial accuracy of the IFMM, the ability of the IFMM to control the radiation unit of the Gamma Knife, the temporal latency of the system, and the temporal performance of the Gamma Knife sector drive unit. Furthermore, this work aims to make these quantifications safely from outside the vault during clinically realistic conditions to give the user confidence that the system will function as intended when treating patients.
| MATERIAL AN D METHODS

2.A | Phantom construction
Using computer aided design (CAD), a model of a phantom created and then constructed using common optical laboratory parts is shown in Fig. 1 . The current mask adapter for GKI was used as a This test for spatial accuracy was completed at installation/full calibration of the Gamma Knife, and thus far has been reproducible during monthly spot check with three displacements (one in each plane)
| RESULTS
3.A | Spatial accuracy
being tested every month.
3.B | IFMM latency and temporal performance
Data collected from the electrometer during the irradiation with the 16 mm collimator setting (Fig. 3) 
| DISCUSSION
Current license guidance 1 and quality assurance guidelines 8 mandate
that the IFMM gating system should be quantitatively characterized.
These properties include spatial accuracy, temporal accuracy, the ability to interlock the radiation beam, and the overall accuracy of the delivery. As this system is relatively new, to our knowledge, no commercial or vendor guidance is available for testing the system. This work describes a method that was developed to complete these tests using commercially available equipment, at a relatively low cost, in a radiation-safe manner, and under clinically relevant conditions. This work shows good agreement with previous works that showed a spatial accuracy of the IFMM to be 0.05 mm on average and within 0.16 mm maximally. 4, 5 A limitation of this study is that measurements were performed on a single GKI unit. The performance of other GKI units may vary and would have to be characterized by an individual user following this methodology. Furthermore, these measurements were completed at the time of commissioning and periodically over a 6-month period. At the time of writing the system performance is stable; however, there is no longer term data on the stability of the system's performance. While preliminary data suggest the system is stable, data will continue to be collected on a routine basis throughout the lifetime of the GKI at our institution to ensure this is true.
| CONCLUSION
The IFMM system has been characterized and validated for use in frameless SRS on the GKI. The IFMM can achieve a spatial accuracy better than 0.1 mm and has system latency of less than 200 ms.
Using the methodology presented here one can routinely test the IFMM system fulfilling requirements of the NRC with one phantom,
